Electroproduction of a meson is investigated on the basis of correlating quark rearrangement model which describes phenomena from the soft to the hard regions in a uninccl way. On the assumption that a virtual photon interacts with an on-shell quark, the iollowing results arc obtained: i) The power-law scaling drJ/dtccs· 2~{ (6) is derived in the harcl region, where n is the total number of quark lines with large momentum transfer in the respective diagrams. A virtual photon must not be countecl as "two" like a meson, but as "unity" in the power counting. ii) The angular distribution and Q' dependence on the differential cross section are predicted and they are in good agreement with experiments. iii) The valence quark contribution is dominant in the large Q 2 region. The correspondence between the parton model and correlating quark rearrangement model is discussed. § I. Introduction For electroproduction of a meson many studies have been 1nacle by usmg the vector meson dominance model (VMD) and one pion exchange model (OPE) . 11
Electroproduction of a meson is investigated on the basis of correlating quark rearrangement model which describes phenomena from the soft to the hard regions in a uninccl way. On the assumption that a virtual photon interacts with an on-shell quark, the iollowing results arc obtained: i) The power-law scaling drJ/dtccs· 2~{ (6) is derived in the harcl region, where n is the total number of quark lines with large momentum transfer in the respective diagrams. A virtual photon must not be countecl as "two" like a meson, but as "unity" in the power counting. ii) The angular distribution and Q' dependence on the differential cross section are predicted and they are in good agreement with experiments. iii) The valence quark contribution is dominant in the large Q 2 region. The correspondence between the parton model and correlating quark rearrangement model is discussed. § I. Introduction For electroproduction of a meson many studies have been 1nacle by usmg the vector meson dominance model (VMD) and one pion exchange model (OPE) . 11 In the soft region these models are able to explain the experimental features to some extent. In the hard region of electroproduction of a meson the power-law scaling has been also observed similarly to the case of pure hadronic collisions.
The scaling cannot be derived from VMD and OPE. The dimensional counting rule 2 l has been proposed as a possible interpretation of this scaling and its prediction, however, is limited only to the energy dependence.
The quark-parton picture which regards a quark as a free particle seems to be clarified by the analyses of inclusive lepton-hadron interactions with the large Q 2 • 31 Other reactions such as c+ -e-annihilation, large Pr phenomena and massive lepton pair production are also successfully described by the parton model. These successes of the model are guaranteed by the fact that in terms of the total sum running over the various final states we can calculate the cross section 1vithout
any direct information on confining processes. It is essential that the total probability for the fragmentation of partons to final haclrons is unity. On the other hand the part on model cannot be a ppliecl to the individual exclusive reactions, where confining processes play an important role. Non-perturbative effects of QCD are not easily estimated in the present stage. Therefore it might be needed to search for a rather phenomenological approach in which not only perturbative effects hut ah>o non-perturbative effects are taken into account. In other words it will be important to analyze the experimental features by using a model unifying both the soft and the hard regwns in order to clarify the dynamics in the nonperturbative region.
Correlating quark rearrangement model (CQRM) has already been proposed, which gives phenomenological descriptions simultaneously both of the Regge-behavior in the soft region and of the power-law scaling in the hard region!l. 5 l The two-body reactions were successfully analyzed in terms of CQRM 5 l and the model was also extended to explain exclusive multi-body reactions. 6 l By the use of the dual topological unitarization scheme,n CQRM was further applied to inclusive processes and many successes were achieved in the large Pr phenomena 8 l and in the deep inelastic lepton scattering. 9 ) The obtained cross section is expressed in terms of multiplicative factors which correspond to the distribution functions, the hard scattering cross section of quarks and the decay functions of emitted quarks in terms of the parton language. However, the physical meaning of the factors is very different from those of the parton model. For instance, 'the momentum distribution" in the parton terminology is a factor, so to speak, of resistivity of spectator quarks against the change of their momenta, and so it cannot be universal, depending on the sheet topology and on momentum transfers of spectator quarks. 10 ) CQRM also gives a different interpretation for the dynamical effect of "sea partons". These specifications are based on the fact that confinement effects are contained phenomenologically in the CQR amplitude.
In this paper electroproduction of a meson is studied from the viewpoint of CQRM. The assumption that a virtual photon interacts with an on-shell quark plays an essential role in deriving the scaling nature of the structure function also in CQRM. We obtain the following results: i) The power-law scaling is exhibited in the hard region also for electroproduction of a meson. A virtual photon must not be counted as "two" like a meson, but as "unity" in the power counting. ii) The angular distribution and Q 2 dependence of the cross section are predicted. iii) The I-I type diagram which corresponds to a valence quark contribution in the parton model becomes dominant in the large Q 2 • In § 2 basic assumptions of the photon-quark vertex and of CQRM are discussed. We investigate some characteristic features of electroproduction of a meson in § 3. Asymptotic behaviors of the differential cross section, the energy, angular and Q 2 dependences are studied. In § 4 we compare the predictions with experiments and find the remarkable agreements with data. The flavor dependence of the amplitudes is also discussed in connection with the f-d ratio. Our first and crucial assumption is that a virtual photon interacts with an on-mass shell quark (antiquark) g) as depicted in Fig. 1 . This is not unreasonable ·when the momentum transfer is very large in view of QCD except for a possible logarithmic correction.*) vVhen the quark is far from its mass shell, for example q 1 2 = q 2 2 = (q/2) 2 , the Bjorken scaling of the structure function violates strongly (dependent on Q' with the power type). The TV 1 " is written as
where m 0 is a certain constant with mass dimension, Sav is spin average factor and q1 and q2 are the four-momenta of quarks (antiquarks) just before and after the virtual photon absorption, respectively. The factor ~eq T' is the scattering amplitude of on-shell quarks, which are coupled to a virtual photon, on baryon. The calculation of this amplitude in CQRM is explained in the following paragraphs. 
K. Izawa
When we put quarks on their mass shells, q 1 2 = q 2 2 = mq 2 , and neglect their transverse momenta at the photon-quark vertex, the values of q 1 and q, are completely determined for a given value of x ( = Q'/2P · q) as
/3 represents a shift of the momentum fraction of the quark which comes from the finiteness of the masses of the quark and the target particle. Equation (2 · 4) leads to a relation vVe introduce the second assumption that the scattering amplitude T' for hardonic part can be expressed in terms of CQRM as in the case of hadronhadron reactions. Taking q 1 and q 2 as quark momenta of a meson, we can formulate similarly to the case of meson-baryon scattering. In CQRM the power-law scaling is realized in the hard region and the Regge behavior is exhibited in the soft region. CQR amplitude is constructed as follows : 5 J i) Each CQR amplitude is composed of the products of factors which have one to one correspondence to quark lines in the respective quark rearrangement diagram. ii) The correlation among quarks is such that it works strongly in the soft region, which leads to the Regge behavior, while it disappears in the region where the momentum transfer is much larger than the critical one, e.g. t, = -1.5 (Ge V /c) 2 , which leads to the power-law scaling.
The above requirements are satisfied by using the form of CQR amplitude
where v is the flux factor, the subscripts i and j denote the hadrons (M for where t; is a constant, t;,,Hr= t;BB = 1.2 and t;)IB = 1.5, and a constituent quark mass mq(=300"--'400MeV) is used as a scale parameter of a quark momentum. A quark momentum inside a hadron i, lc;, 1s distributed sharply (1/hadron size) around the averaged value, P /2 for mesons and P /3 for baryons.
The correlation factor r i j is expressed as
where ,]'s are the coupled channels with respect to the quark line connecting hadrons i with j. The t/s and n/s are the squared momentum transfers and the total numbers of quarks plus antiquarks in the {:/-channel, respectively. The rna (t,,) is a function interpolating between the Regge behavior 1-(til) in the small I t,3 j and a constant n 13 in the large I t"l and in this paper it is assmnecl as (2 ·12) where ct' is the Regge slope of leading trajectory and d 1s a parameter which specifies the width of transition between the soft and the hard regions. (Fig. 2 
) § 3. Electroproduction of a meson
For the two-body process "r"1V->MB the unpolarized cross section is given by There are eight quark rearrangement amplitudes concerned with this process. The CQR amplitudes corresponding to each diagram are tabulated in Table I and variables are given in Table II . The difference between the superscripts (1) and (2) represents the difference of species of particles which absorb a virtual photon. Table I The superscript (1) ( (2)) means that a virtual photon couples to a quark (an antiquark). H< 11 and zw correspond to "valence" type and the others to "sea" ones in the parton language.
The differential cross section exhibits the power-law scaling in the hard region.
Since I tmin I is large because of the high virtuality of a photon, the scaling sets in from smaller angle than in meson-baryon scattering cases.ll) Angular dependence of the cross section at fixed W and Q 2 for each diagram is given in Table   III 
(1-cos e)_, (1 +cos e)_,
(1-cos e) -6 (1 +cos e)_, Tbe dependences of the differential cross section on some variables at a gtven large angle (0° <t8<t180°) are tabulated in Table IV . It should be noted that the "valence" types are dominant in high energy region for fixed :r and in high virtuality region for fixed energy. Comparing electroproduction of a meson to meson-baryon scattering, we remark the behavior of the cross section at fixed 8 and Q'. CQRM leads to the power-lavv scaling, drT I dt=s-2 n f (8), where n is the total number of hard quark lines in the respective QR diagrams. Our results of duldt are proportional to s-10 for A1B->1\1B and to s- 8 for "r"B-'7lYfB. Here we observe that a virtual photon is not counted as a meson in the power counting. This is interpreted as clue to the fact that one of lines, which is connected to a virtual photon, loses its energy dependence. If we notice the variables, tnQ, Sq,,r and Snq which are related to the line between the quark \vith momentum q1 and the one in a meson or a baryon, we fmd that these variables lose their energy dependences at given Q 2 and 8 as shown in Table II . All amplitudes have il filctor ~\YlJich includes one of these variables. In the power counting, therefore, a virtual photon must be counted as "tmity''.
t=-2.

W=2.65 GeV
Furthermore \Ve predict duldt=s- 6 for the Though much data in the s.::>ft region have been accumulated, the experimen.ts at large and/or ltl are re:;trictccl to the reaction "r"P->rr+n.12l,Jsl In thi3 paper only the process " i~ analy~:ecl.
For "r"P-->n°P our model gives similar amplitude,, but the available data are very scarce.
CQR amplitude of this process is given by The t dependence of drJ J dD is shown in Fig. 4 . In the region It I <1
(Ge V 2 the contribution of lh is much larger than our expectation, (h = Ru r. 131 ' 151 This means that the OPE 1nechanism plays a dominant role in this region. 11 In CQR1-1 natural parity exchange process is involved as a leading Regge trajectory, but the OPE effect is not considered. Therefore the cross section is normalized w GeV Fig. 5 .
Fig. 4. t dependence of d<1u/df2 ("r"p->rc+n).
Lines are calculations for E =0.9. In Fig. 5 , we present the energy dependence of do ul dQ at given (} and Q'. The agreement with experiments is good. In the energy region larger than 3 Ge V the fixed angle scaling do I dtoc s-2 n f ((}) sets in.
In Fig. 6 , Q 2 dependences of do ul dQ at (}=goo are depicted. Our results on Q' dependence of duuldf2 which becomes weak with increasing energy agree qualitatively with data. The main contribution to the cross section at (}=goo comes from H< 11 and zm and others are minor in higher x region (Table IV) . In small x region (in higher energies at a given Q'), however, effects of H<' 1 , X< 11 and x<' 1 cannot be neglected in companson with those of Hu 1 and Z(l). Therefore realization of the asymptotic behavior 1s postponed with respect to energy.
ii)
Vector meson production
In the case of charged vector meson productions the discussion is completely parallel to the pseudoscalar meson case except for spin factors. Unfortunately we have no data in the large Q' available for examining our predictions.
For neutral vector meson productions, however, D type diagrams give dominant contributions to the cross section especially in the small Q' region. D type cross sections decrease as (Q') _, at fixed t and W, as is shown in Tables I and   II Our model works in the region except for the small Q' (less than 1.0 (Ge VI c) 2 ) , because we assume the interaction of a virtual photon with an onmass shell quark for large Q'. In the small Q' region the correlations among quarks coupled with the virtual photon cannot be neglected and VMD will work vvell.
iii
) The f-d ratio
The f-d ratio must be considered for determination of the absolute normalization of CQR amplitude. In general CQR amplitude is given by 181 • 191 T=N J511T 11 +N xOxTx+NzOzTz, (4 ·5)
For the total inclusive case the structure function can be derived by means of optical theorem from the elastic virtual photon scattering on nucleon. Considering virtual Compton scattering, we can write clown the amplitude by using CQRM as well as the case of "r" B--'>l'vfB. Hw type amplitude is also dominant in large x region, the structure functions are given by F/Pcx; ~ (10F + -1) Im T II,
(4. 6)
If we take the parametrization of the ratio i + c (1-x) as suggested by the experiments2v and take F~"--"1.5 at x=O which is obtained in the pure hadronic processes, we get F+= (6+x)/(4+10x), in another expression 2F+-1=1-x.
This means that in large x region the anti-symmetric diquark m a baryon is to lepton-hadron interactions with the large Q', we need to introduce an additional assumption that a quark at the photon vertex lies on its mass shell.*) This is natural in our viewpoint, because correlations among quarks disappear in the hard region and therefore quarks are considered to behave as free particles. This is also comprehended by the asymptotic freedom of QCD. On the other hand, in the small Q' region, e.g., less than 1(GeV/c) 2 , correlations between the quark and antiqnark which are coupled to the virtual photon become important and q(j pair behaves as a virtual vector meson. The Vl\1D works well as far as the regwn is forward and/ or backward.
The parton model has succeeded m describing the hard inclusive processes, where the cross section is written as a factorized form, which is supported by the perturbative nature of QCD. The success is also based on the fact that by means of procedure of the unitarity summation over all final states, calculation of the cross section can be clone without a precise knowledge of hadronization processes. For exclusive processes, however, the hadronizations are significant and therefore it is not ensured to apply the parton model to these processes in spite of involving hard collisions. The p<Hton model is inadequate for description of the two-body reactions in which all quarks take part in the hard interactions and confining processes are entangled with each other.
It is questionable to adopt the parton model to the soft inclusive reactions *> The same assumption of the photon and the weak boson vertices is applicable to the processes o£ eO:.e-annihilation and neutrino production. They are investigated in another paper. where non-perturbativ e effects play an essential role. The factorizability of the cross section cannot be guaranteed and therefore we cannot in general take "the quark distribution" as a universal factor. In other words, since many gluons and quarks are correlated with each other, the distribution of constituents is not universal in general.
In the framework of CQRM the factorizability of the cross sections is derived for hard processes, 8 J but the factor corresponding to "the quark distribution" does not mean the momentum distribution. For soft inclusive reactions the cross sections can be expressed still as a factorized form due to the dual topological unitarization technics. However, the factor corresponding to "the distribution" which comes from spectator lines is different in each process and depends on the sheet topology.lOl Therefore in the viewpoint of CQRM which is able to describe both the soft and hard interactions in a unified way, it is not always justified to use "the distribution" obtained from the deep inelastic scattering for the soft inclusive case.
